The PDF file includes: Fig. S1 . Layer-number-dependent PL spectra (ML and bilayer) of MoS 2 and WS 2 films. . TEM images of delaminated WS 2 ML films on a TEM grid. Fig. S12 . Local diffraction patterns generated on the 3D WS 2 membranes. Fig. S13 . PL and Raman spectra of MoS 2 ML and WS 2 ML films before and after delamination. Fig. S14 . Nonconformal MoS 2 film growth on microtrench substrates by a powder CVD method. Fig. S15 . MOCVD growth of MoS 2 films on 3D trench substrates at a faster growth rate. Section S1. Pyramid structure analysis using the diffraction patterns Section S2. Determination of sticking coefficients Section S3. Powder CVD growth of MoS 2 ML crystals Legends for movies S1 and S2
Other Supplementary Material for this manuscript includes the following:
(available at advances.sciencemag.org/cgi/content/full/5/7/eaaw3180/DC1) Movie S1 (.avi format). Peeling off the WS 2 ML films from the quartz substrates by immersing in DI water. Movie S2 (.avi format). TEM tilting of suspended 3D WS 2 membranes. The corresponding PL spectra obtained from the needle regions (red) and the flat regions (black).
At the tips, the PL intensity is about ~ 4 times higher than that at the flat region, which is similarly observed in the 3D WS 2 ML films. 
Fig. S10. Schematic illustration of the DI water-assisted transfer of 3D TMDC membranes.
The conformally continuous 3D TMDC films can be easily delaminated from the growth substrates, to form suspended membranes, by floating them in deionized (DI) water, due to the weak vdW interaction with the quartz substrates. depending on the tilting angles of the pyramidal plane -see aslo Section S1 below.
Section S1. Pyramid structure analysis using the diffraction patterns
In hexagonal symmetry, the interplanar distance, d, is defined as , where  is the lateral growth rate (nm/min), p is the partial pressure of precursors,  is the areal density of adatoms, m is the mass of precursor molecules, k is Boltzmann's constant, and T is the growth temperature.
Experimentally, the lateral growth rate () can be estimated by measuring increments in the average grain size at a certain growth time interval, h 1 to h 2 .
For our MOCVD with a p MOCVD = 4.2 × 10 -5 torr, the partial pressure of Mo(CO) 6 , the average grain size at h 1 = 6 h is 58.4 nm, and is 133.7 nm at h 2 = 14 h ( Fig. 4A-C) . Then, we get, MOCVD = 0.15 nm/min. Whereas, for a powder CVD with a p Powder CVD = 1.0 × 10 -2 torr, the average grain size at h 1 = 3 min is 8.29 μm and is 11.4 μm at h 2 = 5 min ( Fig. 4E-G) . Thus, we get,  PowderCVD = 1555 nm/min. The powder precursor is MoO 3 and the growth temperature is T Powder CVD = 680 ℃.
Finally, we found that the  Powder CVD is calculated to be larger about ~ 35 times than  MOCVD . Movie S1. Peeling off the WS 2 ML films from the quartz substrates by immersing in DI water.
Movie S2. TEM tilting of suspended 3D WS 2 membranes.
